Production of B + c mesons in proton-proton collisions at a center-of-mass energy of 8 TeV is studied with data corresponding to an integrated luminosity of 2.0 fb −1 recorded by the LHCb experiment. The ratio of production cross-sections times branching fractions between the B + c → J/ψπ + and B + → J/ψK + decays is measured as a function of transverse momentum and rapidity in the regions 0 < p T < 20 GeV/c and 2.0 < y < 4.5. The ratio integrated within this kinematic range is measured to be (0.683 ± 0.018 ± 0.009)%, where the first uncertainty is statistical and the second systematic.
In the Standard Model, the B c mesons are the only states formed by two heavy quarks of different flavor, theb and the c quarks. The production of B c mesons in hadron collisions implies the simultaneous production of bb and cc pairs, therefore it is rarer than that of other b mesons. The production of bb and cc quarkonium states in hadron collisions has been studied for two decades, however, significant puzzles remain [1] . The relative role of competing production mechanisms [2] [3] [4] [5] is poorly understood and theory is unable to predict all experimentally observed features [6] [7] [8] [9] [10] [11] . The study of B c production offers a promising way of shedding light over these discrepancies and gaining an insight on the underlying physics. In proton-proton (pp) collisions at the Large Hadron Collider (LHC), B c mesons are expected to be mainly produced through the gluon-gluon fusion process gg → B c + b +c. The production cross-sections of the B c mesons have been calculated in the fragmentation approach [12, 13] and in the complete order-α 4 s approach [14] [15] [16] [17] [18] [19] [20] [21] , where α s is the strong-interaction coupling. In the latter approach, the total production cross-section of the B c ground state, B + c , at a center-of-mass energy of 8 TeV, integrated over the whole phase space and including contributions from intermediate excited states, is predicted to be about 0.2% [22, 23] of the inclusive bb cross-section [24] .
Previously only the average ratios of B In this Letter we report on the first measurement of the double differential ratio of inclusive production cross-sections multiplied by branching fractions,
where transverse momentum p T and rapidity y refer to the b meson. The cross-section includes contributions from excited states. We use a sample of pp collision data at 8 TeV, corresponding to an integrated luminosity of 2.0 fb −1 recorded by the LHCb experiment. The B + c and B + mesons are reconstructed in the exclusive decays B + c → J/ψ π + and B + → J/ψ K + respectively, with J/ψ → µ + µ − . The inclusion of charge conjugate modes is implied throughout this Letter.
The LHCb detector [32] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system consisting of a siliconstrip vertex detector surrounding the pp interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes placed downstream of the magnet. The combined tracking system provides a momentum measurement with a relative uncertainty that varies from 0.4% at low momentum, p, to 0.6% at 100 GeV/c. The minimum distance of a track to a primary vertex, the impact parameter (IP), is measured with a resolution of (15 + 29/p T ) µm, where p T is in GeV/c. Different types of charged hadrons are distinguished using information from two ring-imaging Cherenkov detectors. Photon, electron and hadron candidates are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers.
The trigger consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, in which all charged particles with p T > 300 MeV/c are reconstructed [33] . Events are first required to pass the hardware trigger, which requires one or two muons with high p T . In the subsequent software trigger, the event is required to have one muon with high p T and large IP with respect to all primary pp interaction vertices (PVs), or a pair of oppositely charged muons with an invariant mass consistent with the known J/ψ meson mass [34] . Finally, the tracks of two or more of the final state particles are required to form a vertex that is significantly displaced from the PVs. A multivariate algorithm [35] is also used to identify secondary vertices consistent with the decay of a b meson.
The b-meson candidate selection is performed in two steps, a preselection and a final selection on the output of a multivariate classifier based on a boosted decision tree algorithm (BDT) [36, 37] . Simulated B + c and B + decays are used to optimize the b-meson candidate selection. Production of B + mesons is simulated using Pythia 6.4 [38] with an LHCb specific configuration [39] . The generator Bcvegpy The two muons are required to originate from a common vertex. The J/ψ candidates with invariant mass between 3.04 GeV/c 2 and 3.14 GeV/c 2 are combined with a charged particle that has p T > 1.0 GeV/c, a good quality of the track fit and is separated from any PV. The pion mass hypothesis is assigned to the track for the selection of the B + c candidate and the kaon hypothesis for that of the B + candidate. The J/ψ candidate and the hadron (π or K) are required to originate from a common vertex. To improve the b-meson mass resolution, the mass of the muon pair is constrained to the known J/ψ meson mass [34] in this vertex fit. The b-meson candidates are required to have a decay time larger than 0.2 ps, and to point toward the primary vertex.
In the final selection, the BDT is trained using a simulated B + candidates are subdivided into 10 bins of p T and 3 bins of y. Bin sizes are chosen to contain approximately the same number of signal candidates, except for the highest p T bin. The differential production ratio R is measured as
where N B (p T , y) is the number of reconstructed signal decays and B (p T , y) is the total efficiency in a given (p T ,y) bin, including geometrical acceptance, reconstruction, selection and trigger effects.
In each p T and y bin, the number of signal decays is determined by performing an extended maximum likelihood fit to the unbinned invariant mass distribution of B Table 1 , and Fig. 3 . Figure 4 shows the ratio R(p T ) integrated over y in the region 2.0 < y < 4.5 and R(y) integrated over p T in the region 0 < p T < 20 GeV/c. The ratios are found to vary as a function of p T and y.
The resulting integrated value of R in the region 0 < p T < 20 GeV/c and 2.0 < y < 4.5 is measured to be R = (0.683 ± 0.018 ± 0.009)%, where the first uncertainty is statistical and the second systematic. To enable comparison with the previous LHCb measurement [26], R and its total uncertainty are also reported in p T ( GeV/c) 2.0 < y < 2.9 2.9 < y < 3. [2] C.-H. Chang, Hadronic production of J/ψ associated with a gluon, Nucl. Phys. B172 (1980) 425.
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